Abstract-Nowadays with the increase of demand in mu ltimed ia co mmunicat ion, a reliable and error-free wireless communication system is the need of the hour. MC-CDMA is being investigated as a potential radio technology to provide fourth generation (4G) and fifth generation (5G) cellular mobile services. Narrowband interference (NBI) signals corrupts the subcarriers of MC-CDMA system and as a result its performance degrades. All the availab le NBI elimination methods uses some kind of filters and other circuitry prior to the demodulator (receiver) to filter out NBI. So addit ion of extra hardware to the system makes the system co mplex and slow. Moreover CDMA based systems are affected by digital NBI which gets superimposed with wideband spread spectrum signal. Multiuser detection could be an efficient technique to suppress NBI and mult iple access interference (MAI). Co mputational co mplexity of optimu m mu ltiuser detector is an impediment in the way of an efficient mu ltiuser detector. In this paper we propose a particle swarm optimization (PSO) based optimu m mu ltiuser detector to eliminate NBI. Simu lation results show that performance of proposed PSO based mult iuser detector is capable of eliminating NBI with much lesser amount of computational complexity.
I. INTRODUCTION
MC-CDMA was proposed by Linnart z et al. [1] in 1993. MC-CDMA is basically a spread spectrum version of a OFDM based system. So a MC-CDMA system incorporates features of both OFDM and CDMA and because of its ability to co mbat frequency selective fad ing and multipath fading, M C-CDMA is preferred over OFDM [2] [3] [4] [5] [6] .MC-CDMA is basic radio technology for LTE networks [7] . Nowadays it is being considered as a potential candidate for 4G mob ile systems implementation.
As shown in Fig. 1 above it can be seen a data symbol (serially transmitted) are mu ltip lied by different spreading codes (orthogonal code), so a single data symbol is spread in frequency domain to achieve frequency diversity. This feature of MC-CDMA makes it immune to mu ltipath fading. These data symbols are spread and then modulated by different subcarriers using IFFT. So at the output we get d ifferent data symbols separated in t ime domain and at the same time a single data symbol which is sent on different subcarriers gets separated in frequency domain. This feature of MC-CDMA gives mu ltipath fading immunity. Like CDMA, M C-CDMA systems are also affected by the different types of interference such as AWGN (additive wh ite Gaussian noise) and MAI (mu lt iple access interference).MAI is inherent in a CDMA based system because it become very d ifficu lt to maintain the orthogonality of spreading waveforms due to several factors such as multipath fading, near-far effect, different timing offsets of different users etc. AWGN on the other hand is inevitable in wireless communication wh ich arises because of random agitation of electrons in electronic devices such as modulators, amp lifiers etc. It has been observed that apart fro m MAI and AW GN, MC-CDMA systems also gets affected by short pulses in frequency domain wh ich is termed as narro wband interference (NBI) [8] . Nowadays due to increased demand for h igh data rate different techniques such as OFDM, M C-CDMA, UWB (ult ra wide band), W LAN (wireless local area network),WIMAX(worldwide interoperability for micro wave access), OFDM -LTE (4-G) are being e mployed. Many times these systems operate simu ltaneously in co-existence with other systems. In some situations it also happens that these systems have to share the same frequency band with other systems and in such a situation one system may act as narro wband interferer for the other user. It may also happen that some intentional jammer deliberately transmit NBI signals to jam a MC-CDMA system. In CDMA based systems spreading and despreading process of data bits inherently reject the NBI, but high power NBI signal cannot be filtered out because system processing gain cannot be increased beyond a limit due to bandwidth restrict ion. Exis tence of NBI degrades the performance of MC-CDMA systems because random NBI signals of variab le intensity may overlap with d ifferent subcarriers leading to corrupt subcarriers as shown in Fig. 2 . K (where K is number of users) number o f co mparisons. Drawback of this detector is that with such a large number of calcu lations, co mputational complexity o f detector increases with the increase in number of users. To get rid of this problem, various suboptimal detectors have been proposed [30] .Suboptimal detectors perform with much lesser number of calcu lations but their performance slightly degrades. Multiuser detectors based on optimizat ion techniques such as genetic algorith m, evolut ionary algorith m etc. have been investigated and it is found that near-optimal solution can be achieved [31] [32] [33] [34] . In this paper PSO algorithm has been imp lemented to optimize the MC-CDMA M UD detector. Earlier Genetic algorith m has been extensively investigated for MUD in M C-CDMA. In co mparison with GA, PSO has certain advantages which make th is technique more robust and faster. Unlike GA , operations such as mutation and crossover are not performed in PSO. In PSO, best particle is selected after all the particles are engaged in constructive co mpetition [35] [36] [37] [38] . In [39] [40] [41] [42] some other b ioinspired optimization techniques have been applied on different applications.
The rest of the paper is planned as follows. In section II, related work in the literature has been described. MC-CDMA asynchronous receiver model illustrated in section III. PSO has been explained thoroughly in section IV. Section V is for simu lation and discussion. Conclu sion has been briefed in section VI.
II. RELATED WORK
Various methods and techniques have been proposed for NBI mitigation in CDMA. These methods can be classified into three categories i.e. linear techniques, nonlinear techniques and mult iuser detection techniques. In linear techniques, NBI is modelled as a sinusoidal signal with random occurrence. In linear techniques, notch filtering has been a good approach to mit igate NBI. Notch filter is basically a band stop filter Notch filtering can be applied both in frequency domain as well as in time domain. Basic operation of a notch filter is to remove the subcarrier which is affected by NBI signal so it works as a band stop filter [8] [9] [10] [11] [12] .Estimator /sub tractor method is a time do main method of notch filter to filter out NBI corrupted subcarrier where signal is estimated first and then subtracted from the received signal, filtering out NBI [13] [14] [15] [16] [17] . So me adaptive notch filtering method like least mean square (LMS) and weighted least M-estimate were also applied to mitigate NBI [18] [19] . In [20] G.J. Saulneir et al. Presents a hybrid technique involving both time do main and frequency domain NBI suppression techniques. In [21] mean square error method is applied by using an N-tap delay filter. In [22] a Grad ient Fast Converging (GFC) algorithm was used to mitigate NBI which gives a better performance than LM S based filter. In [23] rake receiver is used to filter out NBI but due to complexity problem they are not preferred. In non-linear methods, NBI is considered as an autoregressive process (random process). In [24] an autoregressive process has been processed by a nonlinear Kalman-Bucy filter. So me other non-linear techniques have been described in [25] [26] .
Methods described above are fit in a situation where NBI is either a sinusoidal signal or an autoregressive process (random process), but in some situations NBI can neither be modelled as sinusoidal nor as autoregressive process. We know that in a spread spectrum commun ication, transmitted signal gets corrupted by NBI and AWGN on the way to receiver. In such a scenario NBI could be in the form of a d igital interferer. So in this type of situation both NBI as well as spread spectrum signal are in digital form. Ho wever data rate of NBI is lo wer than the spread spectrum signal. Moreover all these methods require additional hardware (filters and circuits to perform fourier transforms) to be employed before detector. In such a situation multiuser detection could be applied to mit igate the effect of NBI. Advantage of using mu ltiuser detection is that apart from NBI, MAI and AWGN could also be mitigated simu ltaneously. Moreover with mult iuser detection there is no need to add extra circuit ry prior to demodulator (detector) to filter out NBI as it is done in all the methods described above. A prewhitening filter could be emp loyed before the demodulator (detector) if the amount of interference is very large. This filter converts NBI interference to white Gaussian signals [27] [28] . Signals are received on M number of subcarriers and further orig inal transmitted data/symbol is recovered by despreading the orthogonal codes. In this way both OFDM and CDMA operations are performed on receiver side also. In MC-CDMA each symbol is transmitted on different subcarriers thus achieving a good frequency diversity. Here matched filter based correlator circuit has been employed to detect the symbols. Output of matched filter has been given to a PSO based multiuser detector. It detects the bits by minimizing erro r between transmitted bits and estimated bits. The received signal at the base station on the m th subcarrier is given as: 
Where, The diagonal auto-correlat ion values are responsible for the selection of the respective signal at respective matched filter and the non-diagonal cross-correlation values are responsible for the occurrence of MAI. A cross-correlation mat rix has been shown in fig.4 . In an ideal case values of cross -correlation must be zero if waveforms are perfectly o rthogonal, but since in a wireless environment orthogonality of waveforms cannot be maintained. For this very reason mult iuser detection has been employed which results in better BER performance and increased system capacity as for as MC-CDMA system is concerned.
The bit vector b which will minimize the erro r between matched filters outputs Z and the predicted values will be determined by the following equation. 
IV. PARTICLE SWARM OPTIMIZATION
PSO has many characteristics wh ich make it different fro m other optimization techniques such as Genetic algorith m or evolutionary programming. A large number of particles constitute a swarm like structure where each particle moves with its own velocity and this velocity is updated with the constructive interaction with other particles in the swarm. So particles will move to better positions within search space with updated velocity and u pdated position. Two types of best location are recorded in the process i.e. pbest and gbest. Pbest signifies the best position achieved so far by the particle and gbest is referred to as the best position by any particle in the swarm. The updating of the particle's position can be mathematically modelled according the following equation:  Generate NBI signals fo r the users to be corrupted.  Add AWGN as well as NBI to transmitted signal.
The received signal at the detector is rep resented by the equation 3.  Calculate the BER between the received signal and the transmitted bits according to (4) .  Set the required parameters for particle swarm optimizat ion (PSO) as given in Table 3 and initialize the PSO.  Evaluate fitness function as in (4) .  Update velocity and position of the particles according to the (5).  Update iteration.  Stop when best solution is achieved. subcarrier synchronization with no frequency offset is assumed. Ob jective here is to see the effect of NBI on the received signal. Table. 1 shows a matrix where diagonal elements [1 1 1 1] represent the amplitude (autocorrelation) of 4 users signals and non-diagonal elements represents the cross-correlation values. This is an ideal case when channel is free fro m any type of interference. Now to see the effect of NBI, some of the subcarriers are corrupted by randomly generated NBI of variab le intens ity. Table 2 shows the amplitude matrix of 4 users corrupted by NBI. It can be clearly observed that amplitudes of users are affected by NBI and also non-diagonal elements become non-zero wh ich indicates that signals are affected by MAI as well because signals no longer remain orthogonal after getting corrupted by NBI. Table. 2 shows the effect of NBI on mult i-carrier signals..Now the proposed algorithm is tested for 16 users and 10000 b its were trans mitted for each user. Gold codes of length 31 are used for spreading sequence. Channel is assumed to be asynchronous and corrupted by AWGN. To incorporate the effect of mult ipath fading, channel is constructed as a Rayleigh frequency selective fading channel where each signal goes through independent fading process. QPSK modulat ion is used for transmission. Subcarriers are corrupted randomly by NBI of variable intensity. It is assumed that all the users are received with equal powers i.e. there is no Near-far effect. The simu lation is performed for various values of signal to noise ratio to calculate BER every time. Fig.6 shows the BER performance of the optimu m detector without any NBI and under the effect of NBI. It can be observed that BER is high under the effect of the NBI. So fro m this observation it has been proved that NBI affect the performance of MC-CDMA systems i.e. performance of MC-CDMA system degrades in the presence of NBI.
B. Flow Chart

A. Convergence of PSO
Convergence properties of PSO have been analyzed extensively in [34] [35] [36] [37] [38] fo r some standard benchmark functions. It can be easily analyzed that PSO is competent and superior in performance as compared to GA . The reason for this performance is due to the fact that in PSO each individual particle interact freely with other part icles. In PSO select ion, mutation and crossover operations are not performed like GA. Here simu lation is performed for 100 runs using objective function as in equation 8 and control parameters of both algorithms viz. PSO and GA are tuned accordingly. Table 3 shows the tuned parameters of both PSO and GA. It can be observed from the fro m Fig. 7 that PSO converges to a lower value than GA.
B. BER Performance Evaluation
Then the simulat ion is run for these same values of all the parameters using the proposed algorithm to optimize Fig. 8 that the BER using the PSO under the effect of the NBI is reduced and is very close to the BER without any NBI. So it can be clearly analysed that PSO based MUD g ives the near optimal detection. Moreover as shown in Fig. 9 , PSO takes only around 30 iterations to converge so total number of iterations for all the users in case of QPSK modulation will be around 4×10×30= 1200, whereas in case of optimal detector number of iterations will be 2 4×10 =1099511627776. Hence it can be easily analysed that PSO detector takes 99.99% lesser number of iterations as compared to optimal detector though it gives a near-optimal BER performance. The reason for this performance is due to the fact that number of users has no role in the convergence of PSO. So it can be concluded that with PSO based detector system capacity increases. In this paper we proposed a new technique for suppressing the narrow band interference (NBI) by comb ining the optimu m detector with Particle Swarm Optimization technique. It has been demonstrated that NBI can be mitigated without using filters and other circuitry. Our simu lation results show that the proposed algorithm minimizes the BER under the effect of NBI and gives performance very near to the optimu m detector without any NBI. Moreover computational co mplexity of PSO detector shows a reduction by 99.99% as compared to optimal detector. Different versions of PSO can be further e xplored to apply on MUD as a future work.
